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(54) WATER-SOLUBLE TRISAZO COMPOUNDS, AQUEOUS INK COMPOSITION AND COLORED 
ARTICLE 

(57) A black recording liquid having high solubility, being stable even after being stored for long, and capable of 
forming a printed image with a high optical density and excellent water and light resistances. The recording fluid con- 
tains a trisazo compound of general formula (1): wherein D is an 8-hydroxy-1-naphtyl group substituted with one or two 
sulfo groups; A is a 1 ,4-phenylene group or 1 ,4-naphtylene group which may be substituted with amino, hydroxy, alkyl, 
alkoxy, acylamino or ureido; and B is a phenyl group which may be substituted with hydroxy, amino or sulfo, or a salt 
thereof and is used for the recording. 
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Description 

Filed of the Invention 

s [0001 ] The present invention relates to new water-soluble trisazo compounds and colored articles therefrom. 



[0002] Among various color recording methods, one typical method is the recording method by means of ink jet print- 
to ers wherein ink droplets are produced and deposit on various materials to be recorded such as papers, films and fabrics 
so that recordings are effected. This method has advantages that it is silent since materials to be recorded are not con- 
tacted with a recording head and that miniaturization, speeding up and color printing can be easily achieved. Thus, it 
has recently come into wide use and it is expected to greatly spread in future. 

[0003] As inks for pens, felt-tip pens and the like as well as inks for ink jet printers, aqueous inks comprising water- 
15 soluble dyes dissolved in aqueous media are used. Generally, the aqueous inks comprise water-soluble organic sol- 
vents in order to prevent the inks from clogging in nibs and ink delivery nozzles. These inks should meet the require- 
ments that they can form images having a high optical density, that they do not clog nibs and ink delivery nozzles, that 
they are easily dried on materials to be recorded, that they hardly blot and that they have excellent storage stability. In 
addition, images therefrom should have sufficient light and water resistances. 
20 [0004] Various inks having different hues are prepared from various dyes. Among the inks, black inks are important 
since they are used in mono-color and full-color images. As dyes for black inks, many dyes have been proposed as 
described in prior patent applications, for example. JP-55144067A(1980), JP-57207660A(1982), JP-58147470(1983), 
JP-59093766A(1984), JP-62190269A(1987), JP-62246975A(1987), JP-63022867A(1988), JP-63033484A(1988), JP- 
01093389A(1989), JP-021 40270 A( 1990), JP-03167270A(1991), JP-03200852A(1991), JP-04359065A(1992), JP- 
25 06172668A(1994), JP-06248212A(1994), JP-07026160A(1995), JP-07268256A(1995) and the like. However, the prior 
dyes cannot satisfy the commercial requirements as described above. 

Background of the Invention 

30 [0005] An object of the present invention is to provide a black recording fluid having a high solubility, stable even after 
a long storage, capable of forming a printed image with a high optical density and excellent in water and light resist- 
ances. 

Summary of the Invention 

35 

[0006] The present inventors have earnestly investigated in order to solve the aforementioned problem, achieving the 
present invention. 

[0007] Accordingly, the present invention relates to: 
40 (1) a trisazo compound represented by the following general formula (1): 



Prior Arts 



OH 



45 




(l) 



(S0 3 H), 



50 



wherein 



D is an 8-hydroxy-1 -naphthyl group substituted with one or two sulfo groups; 
A is a group of the general formula (2) or (3): 



55 



2 
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wherein R 1 and R 2 are each independently hydrogen, amino, hydroxyl, carboxyl, sulfo, phosphono, (C1- 
C4)alkoxycarbonyl, (Cl-C4)alkyl optionally substituted with hydroxy or (Cl-C4)alkoxy, (C1-C4)alkoxy option- 
ally substituted with hydroxy or (C1-C4)alkoxy, (C2-C4)alkanoylamino optionally substituted with hydroxy or 
(C1-C4)alkoxy or ureido, R 3 is hydrogen, (C1-C4)alkyl or (Cl-C4)alkoxy, and R 4 is hydrogen, sulfo or 
phosphono; 

Bis a group represented by the general formula (4): 




wherein R 5 , R 6 and R 7 are each independently hydrogen, hydroxyl, amino, carboxyl, (C1-C4)alkoxy, (C1- 
C4)alkoxycarbonyl, (Cl-C4)alkyl, mono- or bis-carboxy-(Cl-C3)alkylamino, carboxy-(C1 -C3)alkoxy, (C1- 
C4)alkylamino optionally substituted with hydroxy or (Cl-C4)alkoxy, (C1-C4)alkanoylamino, sulfo, halogen or 
ureido; and 
misOor 1, 
or its salt; 

(2) a salt of a trisazo compound as defined in (1) wherein the salt is a lithium salt, a sodium salt, or an ammonium 
salt represented by the general formula (5): 




wherein R 8 to R 11 are each independently hydrogen, (Cl-C4)alkyl, hydroxy-(C1 -C4)alkyl or hydroxyethoxy-(Cv 
C4)alkyl group; 

(3) a trisazo compound or its salt as defined in (1) or (2) wherein D is 
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8-hydroxy-3,6-disulfo-1 -naphthyl, 
8-hydroxy-4,6-disulfo-1 -naphthyl, 
8-hydroxy-2,4-disulfo-1 -naphthyl, 
8-hydroxy-3,5-disulfo-1 -naphthyl, 
s 8-hydroxy-4,7-disulfo-1 -naphthyl, 

8-hydroxy-5,7<lisulfo-1 -naphthyl, > 
8-hydroxy-4-sulfo-1 -naphthyl, 
8-hydroxy-5-sulfo-1 -naphthyl, or 
8-hydroxy-6-sulfo-1 -naphthyl; 

10 

(4) a trisazo compound or its salt as defined in any one of (1) to (3) wherein A is the group of the general formula 
(2) wherein R 1 and R 2 are each independently hydrogen, methyl, ethyl, methoxy, ethoxy methoxyethoxy, amino, 
hydroxyl, carboxyl, sulfo, acetylamino, n-propionylamino or ureido, or the general formula (3) wherein R 3 is hydro- 
gen, methyl or methoxy and R 4 is hydrogen or sulfo; 
is (5) a trisazo compound or its salt as defined in any one of (1) to (4) wherein A is the group of the general formula 

(2) wherein R 1 is methyl, methoxy or methoxyethoxy and R 2 is hydrogen, methyl, methoxy, amino, hydroxyl, 
acetylamino or ureido; 

(6) a trisazo compound or its salt as defined in any one of (1) to (4) wherein A is the group of the general formula 

(3) wherein R 3 is hydrogen or methoxy and R 4 is hydrogen or sulfo; 

20 (7) a trisazo compound or its salt as defined in any one of (1) to (6) wherein B is the group of the general formula 

(4) wherein R 5 is hydrogen, methyl, methoxy, chlorine, carboxyl or sulfo, and R 6 and R 7 are each independently 
hydroxyl, amino, carboxymethylamino, carboxymethoxy, acetylamino or ureido; 

(8) a trisazo compound or its salt as defined in any one of (1) to (7) wherein m is zero; 

(9) an aqueous ink composition containing a trisazo compound or its salt as defined in any one of (1) to (8); 

25 (10) an article colored with a trisazo compound as defined in any one of (1) to (8) or an aqueous ink composition 
as defined in (9); and 

(1 1) a colored article as defined in (10) wherein coloring is effected by means of a printer. 
Detailed Description of the Invention 

30 

[0008] The present invention will be fully explained below. 

[0009] In the compound represented by the aforementioned formula (1), D is an 8-hydroxy-1 -naphthyl group substi- 
tuted with one or two sulfo groups. Preferably it includes 8-hydroxy-3,6-disulfo-1 -naphthyl, 8-hydroxy-4,6-disulfo-1- 
naphthyl, 8-hydroxy-2,4-disulfo-1 -naphthyl, 8-hydroxy-3,5-disulfo-1 -naphthyl, 8-hydroxy-4,7-disutfo-1 -naphthyl, 8- 
35 hydroxy-5,7-disulfo-1 -naphthyl, 8-hycl roxy-4-su If o-1 -naphthyl, 8-hydroxy-5-sulfo-1 -naphthyl, 8-hydroxy-6-sulfo-1 -naph- 
thyl and the like. 8-Hydroxy-3,6-disulfo-1 -naphthyl, 8-hydroxy-4,6-disulfo-1 -naphthyl, 8-hydroxy-2,4-disulfo-1 -naphthyl, 
8-hydroxy-4-sulfo-1 -naphthyl or the like is more preferable. 

. [001 0] In A and B in the aforementioned formula (1 ), examples of (C1 -C4)alkyl include methyl, ethyl, n-propyl, isopro- 
pyl, n-butyl, isobutyl, sec-butyl, tert-butyl or the like, preferably methyl or ethyl. Examples of (C1-C4) alkyl group substi- 

40 tuted with hydroxy or (C1-C4)alkoxy include 2-hydroxyethyl, 2-hydroxypropyl, 1 -hydroxy- 1 -methyl ethyl, methoxyethyl, 
ethoxyethyl or the like, preferably 2-hydroxyethyl or methoxyethyl. Examples of (G1-C4)alkoxy group optionally substi- 
tuted with hydroxy or (Cl-C4)alkoxy include methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, sec-butoxy. tert-butoxy, 
2-hydroxyethoxy, 2- or 3-hydroxypropoxy, methoxyethoxy, ethoxyethoxy, n-propoxyethoxy, isopropoxyethoxy, n-butox- 
yethoxy, methoxypropoxy, ethoxypropoxy, n-propoxypropoxy, isopropoxybutoxy, n-propoxybutoxy, 2-hydroxyethox- 

45 yethoxy or the like, preferably methoxy, ethoxy, methoxyethoxy or ethoxyethoxy. Methoxy or methoxyethoxy is 
particularly preferable. Examples of (Cl-C4)alkylamino group optionally substituted with hydroxy or (C1 -C4)alkoxy 
include 2-hydroxyethytamino, 2-hydroxyethyimethylamino, N,N-di(2-hydroxyethyl)amino, 2-hydroxypropylamino, 3- 
hydroxypropylamino, methoxyethylamino, ethoxyethylamino or the like, preferably 2-hydroxyethylamino, methoxyethyl- 
amino or 3-hydroxypropylamino. (C1-C4)alkanoylamino group optionally substituted with hydroxy or (Cl-C4)alkoxy 

so include acetylamino, n-propionylamino, isopropionylamino, hydroxyacetylamino, 2- or 3-hydroxy-n-propionylamino, 2- 
or 3-methoxy-n-propionylamino, butyrylamino or the like, among which acetylamino is particularly preferable. Examples 
of mono- or bis-carboxy-(C1-C3)alkylamino group include carboxymethylamino, carboxyethylamiho, carboxypro- 
pylamino, bis-carboxymethylamino, bis-carboxyethylamino, bis-carboxypropylamino, preferably carboxymethylamino, 
bis-carboxymethylamino or carboxyethylamino. Examples of carboxy-(C1-C3)alkoxy include carboxymethoxy, carbox- 

55 yethoxy and carboxypropoxy, particularly preferably carboxymethoxy. 

[0011] Preferably, R 1 and R 2 are each independently hydrogen, methyl, ethyl, methoxy, ethoxy, methoxyethoxy, ethox- 
yethoxy, amino, hydroxyl, carboxyl, sulfo, phosphono, acetylamino, n-propionylamino and ureido. Hydrogen, methyl, 
methoxy, methoxyethoxy, amino, hydroxyl, carboxyl, acetylamino or ureido is particularly preferable. 
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[0012] The general formula (2) is preferably derived from each of the following intermediates: 
1 -Amino-2-methoxy-5-methylbenzene, 1 -amino-2,5-dimethylbenzene, 1 -amino-2-methoxy-5-acetylaminobenzene, 1 - 
amino-2-methoxyethoxy-5-acetylaminobenzene, 1 -amino-2-methoxybenzene, 1 -amino-2-methylbenzene, 1 -amino- 
2,5-dimethoxybenzene, 1 -amino-2-methyl-5-acetylaminobenzene, 1 -amino-2-methoxy-5-ureidobenzene, 1 -amino-2- 
5 methyl-5-ureidobenzene, 1 -amino-3-methoxybenzene, 1 -amino-3-methylbenzene, 1 -amino«2-(2'-hydroxyethoxy)-5- 
methylbenzene, 3-aminobenzoic acid, 3-amino-4-methylbenzoic acid, 3-amino-4-methoxybenzoic acid, 2,4-diami- 
nobenzoic acid, 2,4-diaminobenzenesulfonic acid, 2-amino-4-acetylaminobenzenesulfonic acid, 3-aminobenzenephos- 
phonic acid, 4-methoxy-3-aminophenol and 2,4-diaminoanisole. 

[0013] R 3 is preferably hydrogen, methyl, ethyl, methoxy or ethoxy. Particularly, hydrogen, methyl or methoxy is pref- 
10 erable. 

[0014] R 4 is preferably suite. 

[001 5] It is particularly preferable that the residue A of the general formula (3) is derived from the intermediate 1 -ami- 
nonaphthalene-2-sulfonic acid, 1-aminonaphthalene-3-sulfonic acid, 1-aminonaphthalene-5-sulfonic acid, 1-aminon- 
aphthalene-6-sulfonic acid, 1-aminonaphthalene-7-sulfonic acid, 1-aminonaphthalene-8-sulfonic acid or 1-amino-2- 

75 methoxynaphthalene-6-sulfonic acid. 

[001 6] A component from which the naphthalene residue in the general formula (1 ) is derived is 1 -hydroxy-3-sulfo-7- 
aminonaphthalene {y acid) when m is 0 and 1 -hydroxy-3,6-disulfo-7-aminonaphthalene (2R acid) when m is 1 . 
[0017] R 5 is hydrogen, methyl, methoxy, chlorine, carboxyl, suite or the like. Methyl, ethyl, methoxy, ethoxy or suite is 
preferable. Particularly, hydrogen or suite is preferable. 

20 [0018] R 6 and R 7 are each independently hydroxyl, amino, carboxymethylamino, carboxypropylamino, bis-car- 
boxymethylamino, acetylamino, ureido or the like. Hydroxyl, amino, acetylamino or carboxymethylamino are particularly 
preferable. 

[001 9] Examples of intermediate from which the residue B of the general formula (4) is derived include 1 ,3-phenylen- 
ediamine, resorcin, 3-aminophenol, 2-amino-4-acetylaminobenzesulfonic acid, 2,4-diaminobenzenesulfonic acid, 2,4- 
25 diaminobenzoic acid, 2,4-diaminotoluene, 2,4-diaminoanisole, 2,4-diaminochlorobenzene, 1 ,3-bis-carboxymethylami- 
nobenzene, 1 -amino-3-acetylaminobenzene, 1 -amino-2-methoxy-5-acetylaminobenzene, 1 -amino-2-methyl-5- 
acetylaminobenzene, i-amino-2-methoxy-5-ureidobenzene, 2,4-dihydroxybenzoic acid, l-amino-2-methyl-5-ureido- 
benzene or the like. 1 ,3-Phenylenediamine, resorcin, 3-aminophenol or 2,4-diaminobenzenesulfonic acid is preferable. 
Their mixture may be used. 

30 [0020] Salts are those of inorganic or organic cations. Suitable inorganic salts are alkali metal or alkaline earth metal 
salts. Preferable inorganic salt are lithium or sodium salt. And, suitable organic salts are ammonium salts represented 
by the general formula (5). 



35 



40 




[0021] In the above general formula (5), R 8 to R 11 are each independently hydrogen, (C1-C4)alkyl, hydroxy-(C1- 
45 C4)alkyl or hydroxyethoxy-(C1-C4)alkyl. Examples of (C1-C4) alkyl include methyl, ethyl, n-propyl, i-propyl, n-butyl, i- 
butyl, sec-butyl, tert-butyl or the like, Examples of hydroxy-(C1-C4)alkyl include hydroxymethyl, hydroxyethyl, 3-hydrox- 
ypropyl, 2-hydroxypropyl, 4-hydroxybutyl, 3-hydroxybutyl, 2-hydroxybutyl or the like. Examples of hydroxyethoxy-(Cl- 
C4)alkyl include hydroxyethoxy methyl, 2-hydroxyethoxyethyl, 3-hydroxyethoxypropyl, 2-hydroxyethyoxypropyl, 4- 
hydroxyethoxybutyl, 3-hydroxyethoxybutyl, 2-hydroxyethoxybutyl or the like. 
so [0022] Examples of the compound of the general formula (5) are shown in Table 1 . 



Table 1 
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Table 1 (continued) 
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[0023] Examples of the trisazo compound represented by the general formula (1 ) are illustrated in the general formula 
(1 -1 ) (Table 2) to the general formula (1 -5) (Table 27). 
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Compound No. A 
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general formula (1-1) 
Compound No. 

0030 



0031 

0032 

0033 
0034 

0035 
0036 
0037 

0038 
0039 

0040 
0041 

0042 

0043 

0044 




S0 3 H 
ti 



OCH a 




SO a H 




-Q- 

NHCONH 2 



B 



NH 2 



O 

OH 

O- 

£> 

NH 2 



OH 
S0 3 H 



NH 2 



OH 



OH 



OH 



S0 3 H 



NH 2 
NH 2 - 



OH 



OH 

o 

°» S0 S H 
<Q>-NK, 



NH, 



OH 

O" 0H 

OH 

SO,H 
0~NH, 
NH, 



9 



EP 0 979 847 A1 



10 



20 



35 



45 



50 



general formula (1-1) 
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general formula (1-1) 
Compound No. a 
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[0024] The compound represented by the general formula (1) can be synthesized, for example, according to the fol- 
lowing method. That is, the compound of the general formula (1) can be synthesized by: 

- diazotizing a compound of the general formula (6): 
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-N=N-A— NH 2 
-OS0 2 -<Q y (6) 

(S0 3 H),. 2 



wherein Y is hydrogen, halogen or (C1-C4) alkyl and A is as defined above, 
in an aqueous medium; 

-- coupling with a compound of the general formula (7): 



H0 3 S 



OH 

(S0 3 H) m 



wherein m is 0 or 1 ; 

-- hydrolyzing the resultant disazo compound of the general formula (8): 



N=N 




HO a S 




(SOjH),. 2 



wherein A, Y and m are as defined above, to a compound of the general formula (9): 



OH 




N=N— if^S^V NH 2 
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(S0 3 H) m 



(S0 3 H),. 2 



wherein A and m are as defined above; 
- diazotizing the compound of the general formula (9); and 
coupling with a compound of the general formula (4'): 
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R 5 




wherein R 5 , R 6 and R 7 are as defined above. Alternatively, the compound of the general formula (8) may be diazo- 
tized again, coupled with the compound of the general formula (4') and then hydroiyzed to obtain the compound of 
the general formula (1). 

15 [0025] Each of the compounds of the general formulae (6), (7) and (4') can be prepared according to the known 
method perse. 

[0026] Diazotization of the compound of the general formula (6) is effected according to the known method per se, for 
example, using nitrites such as an alkali metal nitrite (e.g. sodium nitrite) at -5 to 30°C, preferably 0 to 10°C in an aque- 
ous inorganic acid medium. 

20 [0027] Coupling of the diazo compound of the general formula (6) with the compound of the general formula (7) is 
effected under the known condition per se. it is conveniently effected in an aqueous or aqueous organic medium at -5 
to 30°C, preferably 0 to 10°C under the weak acidic or alkaline pH. Preferably, it is effected under the neutral or alkaline 
pH, e.g. 7 to 11 . The pH is adjusted by the addition of any base. The base to be used includes alkali metal hydroxides 
such as lithium hydroxide and sodium hydroxide; alkali metal carbonates such as lithium carbonate, sodium carbonate 

25 and potassium carbonate; alkali metal acetates such as sodium acetate; ammonia; or organic amines. The compounds 
of the general formulae (6) and (7) are used in approximately stoichiometric amounts in this reaction. 
[0028] The preparation of the compound of the general formula (9) by hydrolyzing the compound of the general for- 
mula (8) is effected according to the known method per se. The heating in an aqueous alkaline medium is convenient. 
For example, it is effected by adding sodium or potassium hydroxide to a reaction solution containing the compound of 

30 the general formula (8) until the pH is 1 1 or more and then heating to the temperature of 20 to 150°C, preferably 30 to 
100°C. Preferably, the pH of the reaction solution is kept to be 10 to 12. 

[0029] Diazotization of the compound of the general formula (9) resulting from hydrolyzing is effected under the same 
condition as that described in the diazotization of the compound of the general formula (6). 

[0030] Coupling of the diazotized product of the compound of the general formula (9) with the compound of the gen- 
35 eral formula (4') is effected under the known condition per se. It is effected in an aqueous or aqueous organic medium 
at the temperature of 0 to 30°C, preferably 10 to 20°C and the pH of 4 to 10, preferably 6 to 8. 
[0031] After the coupling reaction, the compound represented by the general formula (1) of the present invention can 
be isolated in the form of free acid by adding any mineral acid. The thus-isolated free acid may be washed with water 
or an acidified water to remove inorganic salts. The acid type dye having a low salt content can be converted to a solu- 
40 tion containing its corresponding salt by neutralizing with hydroxide and/or carbonate (e.g. LiOH, Li 2 C03, NaOH, 
Na 2 C0 3 or K 2 C0 3 ) or amine in an aqueous medium. Preferable examples of the amine include ammonia, eth- 
anolamine, diethanoiamine, triethanolamine, N-methyl-N-ethanolamine, N-methyl-N.N-diethanolamine. 2-(2-hydrox- 
yethoxy)-ethylamine. di-2-(2-hydroxyethoxy)-ethylamine, tri-2-(2-hydroxyethoxy)-ethylamine or the like. 
[0032] The trisazo compound represented by the general formula (1 ) is suitable for dyeing papers, natural fibers such 
45 as celluloses, wools and leathers and blended yarn fabrics of natural and synthetic fibers. Further, it is suitable for the 
preparation of writing inks and recording liquid. 

[0033] The reaction liquid containing the trisazo compound represented by the general formula (1) of the present 
invention can be used as it is in the preparation of recording ink compositions. Alternatively, the above compound is 
dried, for example, spray-dried and then processed into an ink composition. 
so [0034] As a finished product, the recording ink composition contains the trisazo compound represented by the general 
formula (1) of the present invention in an amount of, for example, about 0.1 to 20 % by weight, preferably about 1 to 10 
% by weight, more preferably about 2 to 8 % by weight. 

[0035] The ink composition of the present invention may comprises a water-soluble organic solvent in an amount of, 
for example, 0 to 30 % by weight and an ink formulating agent in an amount of, for example, 0 to 5 % by weight. 
55 [0036] The aqueous ink composition of the present invention comprises the trisazo compound represented by the 
general formula (1 ) dissolved in water or an aqueous solvent (water containing any water-soluble organic solvent or any 
water-compatible organic solvent). When this aqueous ink composition is used as an ink for ink jet printers, the trisazo 
compounds having less amounts (for example, about 1 % by weight or less) of inorganic substances such as chlorides 
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and sulfates of metallic cations are preferably used. Such trisazo compounds having less amounts of the inorganic sub- 
stances may be prepared by subjecting to the desalting treatment according to any conventional method such as the 
method using a reverse osmotic membrane. 

[0037] Examples of water-soluble organic solvents include (C1 -C4)alkanol such as methanol, ethanol, propanol, iso- 
5 propanol, butanol, isobutanol, sec-butanol and tert-butanol; carboxamides such as N,N-dimethylformamide and N,N- 
dimethylacetamide; lactams such as e-caprolactam and N-methylpyrrolidin-2-one; cyclic ureas such as 1 ,3-dimethylim- 
idazolin-2-one and 1,3-dimethylhexahydropyrimid-2-one; ketones and ketoalcohols such as acetone, methyl ethyl 
ketone and 2-methyl-2-hydroxypentan-4-one; cyclic ethers such as tetrahydrofuran and dioxane; mono-, oligo- or poly- 
alkylene glycols or thioglycols having (C2-C6)alkylene units such as ethylene glycol, 1 ,2- or 1 ,3-propylene glycol, 1 ,2- 
10 or 1 ,4-butylene glycol, 1 t 6-hexylene glycol, diethylene glycol, triethylene glycol, dipropylene glycol, thiodiglycol, polyeth- 
ylene glycol and polypropylene glycol; polyol (triol) such as glycerol and hexane-1,2,6-triol; (Cl-C4)alkyl ethers of pol- 
yhydric alcohols such as ethylene glycol monomethyl ether or monoethyl ether, diethylene glycol monomethyl ether or 
monoethyl ether and triethylene glycol monomethyl ether or monoethyl ether; y-butyrolactone; disulfoxide and the like. 
[0038] Examples of ink formulating agents include antimicrobial and antiseptic agents. pH adjusters, chelating agents, 
15 antirusting agents, water-soluble UV absorbing agents, water-soluble polymeric compounds, dye solubilizing agents, 
surfactants and the like. 

[0039] Examples of antimicrobial and antiseptic agents include anhydrous sodium acetate, sodium sorbate, sodium 
2-pyridinethioM -oxide, sodium benzoate, sodium pentachlorophenol and the like. 

[0040] As pH adjusters, any substances can be used as long as they can adjust pH of an ink within the suitable range, 
20 for example, in the range from 8.0 to 11 .0 without adversely affecting the ink to be formulated. Examples thereof include 
alkanolamines such as diethanolamine and triethanolamine; alkali metal hydroxides such as lithium hydroxide, sodium 
hydroxide and potassium hydroxide; ammonium hydroxide; alkali metal carbonates such as lithium carbonate, sodium 
cartx)nate and potassium carbonate; and the like. 

[0041] Examples of chelating agents include sodium ethylenediamine tetraacetate, sodium nitrilotriacetate, sodium 
25 hydroxyethylethylene diamine triacetate, sodium diethylenetriaminepentacetate, sodium uracil diacetate and the like. 
[0042] Examples of antirusting agents include acidic sulfite, sodium thiosulfate, ammonium thioglycolate. dilsopropy- 
lammonium nitrite, pentaerythritol tetranitrate, dicyciohexylammonium nitrite and the like. 

[0043] Examples of water-soluble polymeric compounds include polyvinyl alcohol, cellulose derivatives, polyamine, 
polyimine and the like. 

30 [0044] Examples of water-soluble UV absorbing agents include sulfonated benzophenone, sulfonated benzotriazole 
and the like. 

[0045] Examples of dye solubilizing agents include e-caprolactam, ethylene carbonate, urea and the like. 
[0046] Examples of surfactants include any known surfactants of anionic, cationic and nonionic types. 
[0047] The colored article of the present invention means any article colored with the compound of the present inven- 
35 tion or the aqueous ink composition containing said compound. Examples of the articles to be colored include, but not 
to be limited to, papers, fbers and clothes (cellulose, nylon, wool and the like), leathers, substrates for color filter and 
the like. Any coloring metnods which can be mentioned are the printing method such as the dip dyeing, the textile print- 
ing, or the screen printing and the method by means of ink jet printers. Among these coloring methods, printing with an 
ink jet printers is preferred. 

40 [0048] Suitably, the aqueous ink composition containing the compound represented by the general formula (1) and 
optionally any other compound (dye) is useful for printing, copying, marking, writing, drawing, stamping and recording, 
particularly ink jet printing. Thereby, black prints of high quality having a remarkably full depth of shade and good resist- 
ances properties to water, light and abrasion can be obtained. The trisazo compound represented by the general for- 
mula (1 ) of the present invention exhibits improved color fastness to light, especially when applied onto papers intended 

45 for ink jet printing. 

[0049] The aqueous ink composition of the present invention does not produce precipitates during its storage. In case 
the aqueous ink composition of the present invention is used in ink jet printing, it does not cause the clogging of a jet 
nozzle. And, when continuously used in the ink jet printer with certain recirculation for considerably long time or inter- 
mittedly used in the ink jet printer, the aqueous ink composition of the present invention shows no change in physical 
so properties. 

Examples 

[0050] The following examples will more fully illustrate the embodiments of the invention. All parts and percentages 
55 referred to herein are by weight unless otherwise indicated. 
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Example 1 

[0051] A solution prepared by dissolving 62.1 parts of the compound of formula (10) in 500 parts of water under a 
weak alkaline condition and then adding 10.3 parts of sodium nitrite was added dropwise to 400 parts of 4.5% hydro- 
5 chloric acid at 5 to 1 0°C to diazotize. 



w 




) 



[0052] The suspension of the resultant diazo of the compound (10) was then added dropwise to an aqueous solution 
20 of 22.9 parts of 7-amino-1 -hydroxynaphthalene-3-sulfonic acid dissolved in 500 parts of water at 0 to 5°C over about 30 
minutes. During this addition, the pH of the coupling was kept to be 8.5 to 9.5 by adding an aqueous sodium carbonate 
solution. After the addition, the reaction mixture was stirred at 5 to 10°C for 3 hours and at 15 to 20°C for 3 hours while 
keeping the pH of 8.5 to 9.0 to complete the coupling reaction. After an aqueous sodium hydroxide solution was added 
until the pH was 12 to 13, the reaction mixture was stirred at 80 to 95°C and at the pH 10 to 1 1 for about 2 hours. Then, 
25 the solution was allowed to be cooled to room temperature and neutralized with concentrated hydrochloric acid until the 
pH was 6 to 7, to which sodium chloride was added to salt out. Precipitates were isolated by filtration and dried to obtain 
62.4 parts of the compound of formula (1 1). 



30 
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40 [0053] 7.2 Parts of the compound of formula (1 1) thus obtained were dissolved in 150 parts of hot water, to which 0.83 
part of sodium nitrite was added. The solution was added dropwise to 50 parts of 4.5 % hydrochloric acid at 1 0 to 1 5°C 
to diazotize. After 2.0 parts of 2,4-diaminobenzene-sulfonic acid was added to the suspension of the resultant diazo 
compound (1 1) at the same temperature, the reaction suspension was neutralized with an aqueous sodium carbonate 
solution over about 1 hour until the pH was 6.5. After the neutralization, it was stirred at 10 to 15°C for 3 hours and at 

45 1 5 to 20°C for 3 hour while keeping 7 to 8 of pH to complete the coupling reaction. After concentrated hydrochloric acid 
was added until the pH was 1 .0, sodium chloride was added to the reaction mixture to salt out. The thus-precipitated 
dye was isolated by filtration and dried to obtain 8.2 parts of the black trisazo compound (Compound No. 0005). Absorp- 
tion spectrum of this compound in water was Xmax = 591 nm. 

so Example 2 

[0054] The compound of formula (11) obtained in Example 1 was diazotized under the same condition as that 
described in Example 1 . After 1 .2 parts of 3-aminophenol was added to the suspension of the resultant diazonium salt, 
the reaction mixture was neutralized with an aqueous sodium carbonate solution over about 1 hour until the pH was 6.5. 
55 After the neutralization, it was stirred at 10 to 1 5°C for 3 hours and at 1 5 to 20°C for 3 hours while keeping the pH of 7 
to 8 to complete the coupling reaction, to which sodium chloride was added to salt out. The thus-precipitated dye was 
isolated by filtration and dried to obtain 7.9 parts of the black trisazo compound (Compound No. 0002). Absorption 
spectrum of this compound in water was Xmax = 598 nm. 
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Example 3 

[0055] Coupling was effected under the same condition as that described in Example 2 except that 3-aminophenol 
was replaced with 1.1 parts of m-phenylenediamine to obtain 8.1 parts of the black trisazo compound (Compound No. 
5 0001 ). Absorption spectrum of this compound in water was Amax = 594 nm. 

Example 4 

[0056] Coupling was effected under the same condition as that described in Example 2 except that 3-aminophenol 
10 was replaced with 2.3 parts of N,N'-dicarboxymethyl-m-phenylenediamine to obtain 9.0 parts of the black trisazo com- 
pound (Compound No. 0007). Absorption spectrum of this compound in water was Amax = 582 nm. 

Example 5 

15 [0057] Coupling was effected under the same condition as that described in Example 2 except that 3-aminophenol 
was replaced with 1.2 parts of resorcin to obtain 8.2 parts of the black trisazo compound (Compound No. 0003). 
Absorption spectrum of this compound in water was Amax = 597 nm. 

Example 6 

20 

[0058] A solution prepared by dissolving 75.1 parts of the compound of formula (12) in 500 parts of water under a 
weak alkaline condition and then adding 10.3 parts of sodium nitrite was added dropwise to 400 parts of 4.5% hydro- 
chloric acid at 5 to 10°C to diazotize. 




(1 2) 



[0059] The suspension of the resultant diazo compound (12) was added dropwise to an aqueous solution of 22.9 
40 parts of 7-amino-1-hydroxynaphthalene-3-sulfonic acid dissolved in 500 parts of water at 0 to 5°C over about 30 min- 
utes. During this addition, the pH of the coupling was kept to be 8.5 to 9.5 by adding an aqueous sodium carbonate 
solution. After the addition, the reaction mixture was stirred at 5 to 1 0°C for 3 hours and at 1 5 to 20°C for 3 hours while 
keeping the pH of 8.5 to 9.0 to complete the coupling reaction. After a sodium hydroxide solution was added until the 
pH was 12 to 13, the reaction mixture was stirred at 80 to 85°C for about 2 hours. Then, the solution was allowed to be 
45 cooled to room temperature and neutralized with concentrated hydrochloric acid until the pH was 6 to 7, to which 
sodium chloride was added to salt out. Precipitates were isolated by filtration and dried to obtain 68.2 parts of the com- 
pound of formula (13). 



50 



55 




(1 3) 
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[0060] 8.0 Parts of the compound of formula (13) thus prepared were dissolved in 100 parts of hot water, to which 
0.83 part of sodium nitrite was added. The solution was added dropwise to 50 parts of 4.5 % hydrochloric acid at 15 to 
20°C to diazotize. After 2.1 parts of 2,4-diaminobenzene-sulfonic acid was added to the suspension of the resultant 

5 diazo compound (13) at the same temperature, the reaction suspension was neutralized with an aqueous sodium car- 
bonate solution over about 1 hour until the pH was 6.5. After the neutralization, it was stirred at 10 to 15°C for 3 hours 
and at 1 5 to 20°C for 3 hour while keeping the pH of 7 to 8 to complete the coupling reaction. After concentrated hydro- 
chloric acid was added until pH was strongly acidic, the thus-precipitated dye was isolated by filtration and washed with 
water to remove inorganic salts. Then, the wet cake of the dye was suspended in 500 ml of water and the resultant dye 

10 paste was neutralized with 70 ml of a 5N lithium hydroxide solution. The thus-prepared dye solution was spray-dried to 
obtain 8.7 parts of the lithium salt of the black trisazo compound (Compound No. 0027). Absorption spectrum of this 
salt in water was Xmax = 604 nm. 

Example 7 

75 

[0061 ] Coupling was effected under the same condition as that described in Example 6 except that 2,4-diaminoben- 
zenesulfonic acid was replaced with 1 .2 parts of resorcin to obtain 8.2 parts of the black trisazo compound (Compound 
No. 0025). Absorption spectrum of this compound in water was Xmax = 606 nm. 

20 Example 8 

[0062] A solution prepared by dissolving 66.4 parts of the compound of formula (14) in 500 parts of water under a 
weak alkaline condition and then adding 10.3 parts of sodium nitrite was added dropwise to 400 parts of 4.5% hydro- 
chloric acid at 5 to 10°C to diazotize. 



30 




(1 4) 
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[0063] The suspension of the resultant diazo compound of formula (1 4) was added dropwise to an aqueous solution 
of 22.9 parts of 7-amino-1-hydroxynaphthalene-3-sulfonic acid dissolved in 500 parts of water at 0 to 5°C over about 30 

40 minutes. During this addition, the pH of the coupling was kept to be 8.5 to 9.5 by adding an aqueous sodium carbonate 
solution. After the addition, the reaction mixture was stirred at 5 to 10°C for 3 hours and at 15 to 20°C for 3 hours while 
keeping the pH of 8.5 to 9.0 to complete the coupling reaction. After a sodium hydroxide solution was added until the 
pH was 1 1 to 12, the reaction mixture was stirred at 70 to 75°C for about 4 hours. Then, the solution was allowed to be 
cooled to room temperature and neutralized with concentrated hydrochloric acid until the pH was 6 to 7, to which 

45 sodium chloride was added to salt out. Precipitates were isolated by filtration and dried to obtain 69.5 parts of the com- 
pound of formula (15). 



50 




(1 5) 



55 H0 3 S 
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[0064] 7.9 Parts of the compound of formula (15) thus prepared were dissolved in 100 parts of hot water, to which 
0.83 part of sodium nitrite was added. The solution was added dropwise to 50 parts of 4.5 % hydrochloric acid at 10 to 
15°C to diazotize. After 2.1 parts of 2,4-diaminobenzene-sulfonic acid was added to the suspension of the resultant 
diazo of the compound (1 5) at the same temperature, the reaction suspension was neutralized with a sodium carbonate 
5 solution over about 1 hour until the pH was 6.5. After the neutralization, it was stirred at 1 0 to 1 5°C for 3 hours and at 
15 to 20°C for 3 hour while keeping the pH of 7 to 8 to complete the coupling reaction. Concentrated hydrochloric acid 
was added until the pH was 1 .0, to which sodium chloride was added to salt out. The thus-precipitated dye was isolated 
by filtration and dried to obtain 8.9 parts of the black trisazo compound (Compound No. 0014). Absorption spectrum of 
this compound in water was Xmax = 590 nm. 

10 

Example 9 

[0065] The black trisazo compound (Compound No. 001 4) obtained in Example 8 was heated in 80 parts of an aque- 
ous 10% hydrochloric acid solution at 80 to 90°C for 6 hours to obtain 6.5 parts of the black trisazo compound (Com- 
15 pound No. 0048). Absorption spectrum of this compound in water was Amax = 620 nm. 

Example 10 

[0066] The compound of formula (15) obtained in Example 8 was diazotized under the same condition as that 
20 described in Example 8. After adding 1 .2 parts of 3-aminophenol to the suspension of the resultant diazonium salt, the 
reaction suspension was neutralized with a sodium carbonate solution over about 1 hour until the pH was 6.5. After the 
neutralization, it was stirred at 10 to 15°C for 3 hours and at 15 to 20°C for 3 hours while keeping the pH of 7 to 8 to 
complete the coupling reaction, to which sodium chloride was added to salt out. The thus-precipitated dye was isolated 
by filtration and dried to obtain 7.9 parts of the black trisazo compound (Compound No. 001 1 ). Absorption spectrum of 
25 this compound in water was Xmax = 596 nm. 

Example 11 

[0067] Coupling was effected under the same condition as that described in Example 8 except that 2,4-diaminoben- 
30 zenesulfonic acid was replaced with 1 .2 parts of resorcin to obtain 8.2 parts of the black trisazo compound (Compound 
No. 0012). Absorption spectrum of this compound in water was Xmax = 602 nm. 

Example 12 

35 [0068] A solution prepared by dissolving 70.8 parts of the compound of formula (16) in 500 parts of water under a 
weak alkaline condition and then adding 10.3 parts of sodium nitrite was added dropwise to 400 parts of 4.5% hydro- 
chloric acid at 5 to 10°C to diazotize. 



40 



45 




O 6) 



50 

[0069] The suspension of the resultant diazo compound (16) was added dropwise to an aqueous solution of 22.9 
parts of 7-amino-1-hydroxynaphthalene-3-sulfonic acid dissolved in 500 parts of water at 0 to 5°C over about 30 min- 
utes. During this addition, the pH of the coupling was kept to be 8.5 to 9.5 by adding an aqueous sodium carbonate 
solution. After the addition, the reaction mixture was stirred at 5 to 10°C for 3 hours and at 15 to 20°C for 3 hours while 
55 keeping the pH of 8.5 to 9.0 to complete the coupling reaction. After a sodium hydroxide solution was added until the 
pH was 1 1 to 12, the reaction mixture was stirred at 70 to 75°C for about 4 hours. Then, the solution was allowed to be 
cooled to room temperature and neutralized with concentrated hydrochloric acid until the pH was 6 to 7, to which 
sodium chloride was added to salt out. Precipitates were isolated by filtration and dried to obtain 72.3 parts of the com- 



40 



pound of formula (17). 
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[0070] 8.0 Parts of the compound of formula (17) thus prepared were dissolved in 100 parts of hot water, to which 
0.83 part of sodium nitrite was added. The solution was added dropwise to 50 parts of 4.5 % hydrochloric acid at 10 to 
15°C to diazotize. After 2.1 parts of 2,4-diaminobenzene-sulfonic acid was added to the suspension of the resultant 
diazo compound (17) at the same temperature, the reaction suspension was neutralized with a sodium carbonate solu- 
tion over about 1 hour until the pH was 6.5. After the neutralization, it was stirred at 10 to 15°C for 3 hours and at 15 to 
20°C for 3 hour while keeping the pH of 7 to 8 to complete the coupling reaction. After concentrated hydrochloric acid 
was added until the pH was 1 .0, sodium chloride was added to salt out. The thus-precipitated dye was isolated by filtra- 
tion and dried to obtain 8.9 parts of the black trisazo compound (Compound No. 0022). Absorption spectrum of this 
compound in water was Xmax = 591 nm. 

Example 13 

[0071 ] 8.0 Parts of the black trisazo compound (Compound No. 0022) obtained in Example 1 2 was heated in 80 parts 
of an aqueous 1 0% hydrochloric acid solution at 80 to 90°C for 6 hours to obtain 7.0 parts of the black trisazo compound 
(Compound No. 0051). Absorption spectrum of this compound in water was Xmax a 620 nm. 

Example 14 

[0072] Coupling was effected under the same condition as that described in Example 1 2 except that 2,4-diaminoben- 
zenesulfonic acid was replaced with 1 .2 parts of 3-aminophenol to obtain 8.0 parts of the black trisazo compound (Com- 
pound No. 0020). Absorption spectrum of this compound in water was Xmax = 598 nm. 

Example 15 

[0073] Coupling was effected under the same condition as that described in Example 12 except that 3-aminophenol 
was replaced with 1 . 1 parts of m-phenylenediamine to obtain 7.9 parts of the black trisazo compound (Compound No. 
0019). Absorption spectrum of this compound in water was Xmax = 596 nm. 

Example 16 

[0074] A solution prepared by dissolving 66.4 parts of the compound of formula (14) in 500 parts of water under a 
weak alkaline condition and then adding 10.3 parts of sodium nitrite was added dropwise to 400 parts of 4.5% hydro- 
chloric acid at 10 to 15°C to diazotize. The suspension of the resultant diazo compound (14) was added dropwise to an 
aqueous solution of 31.9 parts of 7-amino-1-hydroxynaphthalene-3,6-disulfonic acid dissolved in 500 parts of water at 
5 to 10°C over about 1 hour. During this addition, the pH was kept to be 8.5 to 9.5 by adding an aqueous sodium car- 
bonate solution. After the addition, the reaction mixture was stirred at 10 to 15°C for 3 hours and at 20 to 25°C for 3 
hours while keeping the pH of 9.0 to 9.5 to complete the coupling reaction. After a sodium hydroxide solution was added 
until the pH was 1 1 to 12, the reaction was stirred at 70 to 75°C for about 4 hours. Then, the solution was allowed to be 
cooled to room temperature and neutralized with concentrated hydrochloric acid until the pH was 4 to 5, to which 
sodium chloride was added to salt out. Precipitates were isolated by filtration and dried to obtain 73.8 parts of the com- 
pound of formula (18). 
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[0075] 8.4 Parts of the compound of formula (18) thus prepared were dissolved in 100 parts of hot water, to which 
0.83 part of sodium nitrite was added. The solution was then added dropwise to 50 parts of 4.5 % hydrochloric acid at 

15 20 to 25°C to diazotize. After 2. 1 parts of 2,4-diaminobenzene-sulfonic acid was added to the suspension of the result- 
ant diazo compound (18) at the same temperature, the reaction suspension was neutralized with a sodium carbonate 
solution over about 1 hour until the pH was 6.5. After the neutralization, it was stirred at 20 to 25°C for 5 hours while 
keeping the pH of 7 to 8 to complete the coupling reaction. After concentrated hydrochloric acid until the pH was 4.0, 
sodium chloride was added to salt out. The thus-precipitated dye was isolated by filtration and dried to obtain 9.2 parts 

20 of the black trisazo compound (Compound No. 0234). Absorption spectrum of this compound in water was Amax = 605 
nm. 

Example 17 

25 [0076] The compound of formula (18) obtained in Example 16 was diazotized under the same condition as that 
described in Example 16 to diazotize. After adding 1 .2 parts of 3-aminophenol, the suspension of the resultant diazo- 
nium salt was neutralized with a sodium carbonate solution over about 1 hour until the pH was 6.5. After the neutraliza- 
tion, it was stirred at 20 to 25°C for 5 hours while keeping the pH of 7 to 8 to complete the coupling reaction. Then, 
sodium chloride was added to salt out. The thus-precipitated dye was isolated by filtration and dried to obtain 7.9 parts 

30 of the black trisazo compound (Compound No. 0231 ) . Absorption spectrum of this compound in water was Amax = 606 
nm. 

Example 18 

35 [0077] Coupling was effected under the same condition as that described in Example 1 6 except that 2,4-diaminoben- 
zenesulfonic acid was replaced with 1 .2 parts of resorcin to obtain 8.2 parts of the black trisazo compound (Compound 
No. 0232). Absorption spectrum of this compound in water was Xmax = 608 nm. 

Example 19 

40 

[0078] The black trisazo compound (Compound No. 023 1 ) obtained in Example 1 7 was heated in 80 parts of an aque- 
ous 10 % hydrochloric acid solution at 80 to 90°C for 6 hours to obtain 6.5 parts of the black trisazo compound (Com- 
pound No. 0264). Absorption spectrum of this compound in water was Amax = 624 nm. 

45 Example 20 

(A) Preparation of ink 

[0079] A liquid having the following formulation was prepared and passed through a 0.45 \xm membrane filter to obtain 
so an aqueous ink composition for ink jet printers. 



(formulation) 




parts 


trisazo compound obtained in each of Examples 1 to 19 (used after desalting) 


3.0 ; 
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(continued) 



(formulation) 




parts 


water 


67.0 


ethylene glycol 


5.0 


glycerol 


5.0 


N-methylpyrrolidone 


7.0 


urea 


10.0 


IPA 


3.0 



(B) Ink jet printing 

[0080] An ink jet recording was conducted on three different papers, i.e. plain papers (Canon printer paper A4 
(TLB5A4S)), ink jet papers A (Color BJ Paper LC 101 ; ex. Canon) and ink jet papers B (coated papers for ink jet printer 
STX73 A4; ex. Sharp) by means of an ink jet printer (trade name NOVA JET 111; ex. ENCAD). The thus-recorded images 
were tested with respect to the resistances to light and water and a color rendering property. 

(C) Test for resistance to light of the recorded images 

[0081] The recorded images were irradiated with light for 20 hours by means of a carbon arc fade meter (ex. SUGA 
Shikenkisha). Light fastness was judged according to the Blue Scale for light resistance standard as defined in JIS L- 
0841. 

(D) Test for resistance to water of the recorded images 

[0082] Test specimen was immersed in water contained in a beaker with mild stirring for 2 minutes and dried. Amount 
of the compound was observed by the visual examination before and after the immersion, and dropout of the compound 
was judged. 

O Less amount of the compound was dropped out. 
a About half of the compound was dropped out. 
X Large amount of the compound was dropped out. 

(E) Color rendering property 

[0083] Discoloration was judged by the visual examination by comparing the hue change under the tungsten light with 
that under the standard light source. 

O Change in hue was small. 

a Change in hue was somewhat large. 

X Change in hue was large. 

Comparative Examples 1 and 2 

[0084] Two types of dyes, one being used as black dye for ink jet printers and other being proposed as black dye for 
ink jet printers were tested by way of comparative examples. 

(1) Comparative Example 1 

[0085] An ink was prepared from CI. Food Black 2 in the same manner as that described in the aforementioned (A) 
and (B) and used for ink jet printing. 
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(2) Comparative Example 2 

[0086] An ink was prepared from the dye represented by the formula (19) in the same manner as that described in 
the aforementioned (A) and (B) and used for ink jet printing. 




(1 9) 



[0087] The results are shown in Table 28. 



Table 28 



No. 


light fastness (rank) 


water fastness 


color ren- 
dering prop- 
erty 




plain oaoer 


ink jet 
paper A 


ink jet paper 
B 


□lain oaDer 


ink iet paper 
A 


ink iet Daopr 
6 




0001 


5 


4-5 


5 


A-O 


O 


o 


O 


0002 


4-5 


4 


5 


A-O 


o 


o 


O 


0003 


4-5 


3-4 


4-5 


A 


o 


o 


O 


0005 


5 


4-5 


5 




o 


O 


O 


0007 


4 


3-4 


4 


o 


o 


O 


O 


0011 


4-5 


4 


4 


A-O 


o 


O 


O 


0012 


4-5 


3-4 


4 


A 


o 


O 


O 


0014 


5 


5 


5 


A 


o 


O 


O 


0019 


5 


5 


5 


A-O 


o 


o 


o 


0020 


4-5 


4 


5 


A-O 


o 


o 


o 


0022 


5 


5 


5 


A-O 


o 


o 


o 


0025 


4-5 


3 


4 


X~A 


o 


o 


o 


0027 


5 


4 


5 


X~A 


o 


o 


o 


0048 


4-5 


4 


5 


O 


o 


o 


o 


0051 


4-5 


4 


5 


o 


o 


o 


o ! 


0231 


4-5 


4 


5 


A 


o 


o 


O j 


0232 


4 


4 


4 


A-O 


o 


o 


. o 


0234 


5 


5 


5 


A 


o 


o 


o 


0264 


4-5 


4 


5 


o 


o 


o 


o 


Comp.Ex.1 


4-5 


3 


4-5 


X 


o 


X 


A 


Comp.Ex.2 


4 


2 


4 


o 


o 


o j 


X 



[0088] As shown in Table 28, the ink composition containing the compound of the present invention shows the water 
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resistance equal to or higher than that of each of the prior black dyes (comparative examples), excellent light resistance 
and color rendering property, especially very excellent in light resistance on ink jet papers, and the balanced water and 
light resistances. And, it was found that the recording fluid is excellent in storage stability and ejecting stability since the 
ink composition of the present invention has a high water solubility. 

5 

Effect of the Invention 

[0089] The recording liquid containing the trisazo compound of the present invention is used for ink jet printing and 
as writing utensils. When printed on plain papers and ink jet papers, recorded images having high optical density can 
10 be formed, it has excellent light and water resistances and good storage stability as a recording liquid. 

Claims 

1 . A trisazo compound represented by the following general formula (1): 



75 



20 



OH 

(S0 3 H) m 



25 wherein 

D is an 8-hydroxy-1 -naphthyl group substituted with one or two sulfo groups; 
A is a group of the general formula (2) or (3): 




R 4 



wherein R* 1 and R 2 are each independently hydrogen, amino, hydroxyl, carboxyl, sulfo, phosphono, (C1- 
50 C4)alkoxycarbonyl, (C1-C4)alkyl optionally substituted with hydroxy or (Cl-C4)alkoxy, (C1-C4)alkoxy option- 

ally substituted with hydroxy or (C1-C4)alkoxy, (C2-C4)alkanoylamino optionally substituted with hydroxy or 
(C1-C4)alkoxy or ureido, R 3 is hydrogen, (C1-C4)alkyl or (Cl-C4)alkoxy, and R 4 is hydrogen, sulfo or 
phosphono; 

B is a group represented by the general formula (4): 

55 



45 
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wherein R 5 , R 6 and R 7 are each independently hydrogen, hydroxyl, amino, carboxyl, (C1-C4)alkoxy, (C1- 
C4)alkoxycarbonyl, (Cl-C4)alkyl, mono- or bis-carboxy-(C1-C3)alkylamino, carboxy-(Cl-C3)alkoxy, (C1- 
C4)alkylamino optionally substituted with hydroxy or (C1-C4)alkoxy, (Cl-C4)alkanoylamino, sulfo, halogen or 
ureido; and 
m is 0 or 1 , 
or its salt. 

2. A salt of a trisazo compound as claimed in claim 1 which is a lithium salt, a sodium salt, or an ammonium salt rep- 
resented by the general formula (5): 




wherein R 8 to R 11 are each independently hydrogen, (C1-C4)alkyl, hydroxy-(C1-C4)alkyl or hydroxyethoxy-(Cl- 
C4)alkyl. 

3. A trisazo compound or its salt as claimed in claim 1 or 2 wherein D is 

8-hydroxy-3,6-disulfo-1 -naphthyl, 
8-hydroxy-4,6-disulfo-1 -naphthyl, 
8-hydroxy-2,4-disulfo-1 -naphthyl, 
8-hydroxy-3,5-disulfo-1 -naphthyl, 
8-hydroxy-4,7-disulfo-1 -naphthyl, 
8-hydroxy-5,7-disulfo-1 -naphthyl, 
8-hydroxy-4-sulfo-1 -naphthyl, 
8-hydroxy-5-sulfo-1 -naphthyl, or 
8-hydroxy-6-suKo- 1 -naphthyl . 

4. A trisazo compound or its salt as claimed in any one of claims 1 to 3 wherein A is the group of the general formula 
(2) wherein R 1 and R 2 are each independently hydrogen, methyl, ethyl, methoxy, ethoxy, methoxyethoxy, amino, 
hydroxyl, carboxyl, sulfo, acetylamino, n-propionylamino or ureido, or the general formula (3) wherein R 3 is hydro- 
gen, methyl or methoxy and R 4 is hydrogen or sulfo. 

5. A trisazo compound or its salt as claimed in any one of claims 1 to 4 wherein A is the group of the general formula 

(2) wherein R 1 is methyl, methoxy or methoxyethoxy, and R 2 is hydrogen, methyl, methoxy, amino, hydroxyl, 
acetylamino or ureido 

6. A trisazo compound or its salt as claimed in any one of claims 1 to 4 wherein A is the group of the general formula 

(3) wherein R 3 is hydrogen or methoxy and R 4 is hydrogen or sulfo. 

7. A trisazo compound or its salt as claimed in any one of claims 1 to 6 wherein B is the group of the general formula 

(4) wherein R 5 is hydrogen, methyl, methoxy, chlorine, carboxyl or sulfo, and R 6 and R 7 are each independently 
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hydroxyl, amino, carboxymethylamino, carboxymethoxy, acetylamino or ureido. 

8. A trisazo compound or its salt as claimed in any one of claims 1 to 7 wherein m is zero. 

9. An aqueous ink composition containing a trisazo compound or its salt as defined in any one of claims 1 to 8. 

10. An article colored with a trisazo compound as defined in any one of claims 1 to 8 or an aqueous ink composition 
as defined in claim 9. 

1 1 . A colored article as claimed in claim 1 0 wherein coloring is effected by means of a printer. 
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